Abstract: There is a direct analogy between the mechanical and electrical phenomena related to vibrations and electromagnetic oscillations in the RLC
DIRECT ANALOGY

General relationships of intensity and voltage in the RLC series AC circuits
The RLC series AC circuit contain resistive element, capacitive element (capacitor) and inductive element (coil) connected in series, being powered by a voltage source U 0  cos(t) (Figure 1 ). The RLC series AC circuit behaves similarly to the VOIGT KELVIN mechanical system containing a NEWTON dissipative element c and a HOOKE elastic member with stiffness k bound in parallel to an inertial mass element m, under the action of a harmonic disturbing force F 0 cos(t) (Figure 2 ).
The RLC series AC circuit consists of a resistor with electrical resistance R, a coil having the inductance L and a capacitor having the capacitance C, being fed to a voltage source of the alternating current: U(t)=U 0  cos(t) (Figure 1 ). Take into account the existing relationships between the current intensity I(t) and the voltage drops for the three elements above:
From relations (1) are deduced the properties of the current intensity in the RLC circuit: 1. The current intensity I(t) is the ratio between the voltage at the resistor terminals and the resistance R; 
The current intensity derivative I(t) is calculate as
the ratio between the voltage measured at the coil terminals and the inductance L; 3. The integral of the intensity current I(t) is equal to the product of the electric charge on the capacitor plates Q(t) and the capacitance C; the intensity of the electric current is therefore derived in relation to the time of the electrical charge in the capacitor:
Applying Kirchhoff's Theorem II, to the RLC circuit of Figure 1 :
and replacing the voltage drops on the three elements (1):
The differential current equation in the RLC series AC circuit was obtained.
Taking into account the current intensity property in the series RLC circuit (2) and deriving the differential equation (4) we obtain the differential equation of the electric charge Q (t) from an AC series circuit:
The complex calculus of current and voltage voltages of the RLC series AC circuit
Using the complex calculation, the differential equation of the electric charge (5) is written:
where
is the complex electric charge
Replacing complex electrical charge derivatives
in equation (6) , the complex amplitude of the electrical charge is immediately obtained:
a) the complex electrical charge varies according a harmonic law of form:
where:
b) the complex intensity of the electric current i(t) is derived in relation to the time of complex electrical charge q(t):
We note the capacitor reactance X C :
and coil reactance X L :
c) the electrical impedance Z of the RLC AC circuit is written:
The electrical charge of the capacitor Q(t) and the electric power I(t) have the expressions:
where: (Fig.3) . The expression of the complex supply voltage u 0 (t) is:
b) the complex intensity i(t) given by the relation (10) is represented in the complex plane by a phasor I 0 which rotates with the phasor U 0 in the trigonometric sense with the same angular velocity , being phased in front of the phasor U 0 with the angle  ( Figure 3 ):
Writing Kirchhoff's theorem II (2) into the complex and replacing the expressions of the complex derivative and integrative i(t), is obtained the same expression of complex intensity i(t):
c) the complex voltage at resistor u R (t) is the product of complex intensity i(t) and resistance R; this is represented in the complex plane by a U R phasor rotating in the trigonometric sense with angular velocity  being in phase with the phasor I 0 ( fig.4 ):
d. The complex voltage on the capacitor u C (t) is the ratio between the complex intensity integral and the capacity of the capacitor C and is represented in the complex plane by a phasor U C rotating in the trigonometric sense with the same angular velocity  being following the intensity phasor I 0 being phased in behind with /2 radians (figure 4): 
The electrical impedance of the RLC series AC circuit
In the case of the RLC series, the electric impedance Z, is equal to the ratio between the complex supply voltage u 0 (t) and the complex intensity i(t):
The study of electromagnetic oscillations in the RLC series circuit AC with the electric impedance Z allows an intensity analysis due to applied harmonic voltages. The impedance method is based on: -the resistive impedance R, according to the relation (20), a real number that does not depend on the frequency of the supply voltage:
-the capacitive impedance X C , according to the relation (21), a complex number depending inversely proportional to the frequency of the supply voltage:
Real axis
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-the inductive impedance X L according to the relation (22) which is a complex number that depends directly on the frequency of the supply voltage:
The electrical impedance of the RLC series AC is calculated by the sum of the impedances of the three elements, since the complex relationship of the voltages (3) can also be written:
The electrical impedance of the RLC series AC is:
If the complex phases, the phasors U R , U L , U C , I 0 and U 0 are represented so that I 0 and U R coincide with the real axis, the constructions of Figure (Fig. 5.c) , the current I 0 is in phase with the supply voltage U 0 -the circuit is resonant and we have a resistive RLC circuit The condition for resonance is imposed by equality:
Active and reactive electrical power in the RLC circuit AC
The actual value of a harmonic magnitude x(t) is:
The complex instantaneous power is the product of the complex effective voltage u 0ef and the complex effective intensity i ef :
The complex instantaneous power is represented in the complex plane by a phasor N 0 that makes the angle  with the real axis ( Figure 6 ): 
Real axis Complex axis
In Table 1 we can see the direct analogy between the mechanical and electrical quantities corresponding to the mechanical vibrations 
The excitation harmonic force :
The electrical supply voltage:
The complex charge:
The inductance of coil: L The damping coefficient: c
The resistance of resistive element: R The stiffness of elastic element:
1/k
The capacitance of capacitive element: C The impedance of mass:
The impedance of coil:
The impedance of damping element:
The impedance of resistance element:
The impedance of elastic element:
The impedance of capacitive element:
The complex electric charge:
The complex velocity:
The complex electric intensity:
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The complex electric voltage:
The impedance of mechanical systems with VOIGT KELVIN damping :
The impedance of RLC circuit AC series:
The impedance size of mechanical systems with VOIGT KELVIN damping :
The impedance size of RLC circuit AC series:
The phase between the velocity and the force of the excitation: 
Conclusion to direct analogy
The direct analogy between the mechanical phenomena of vibrations of the elastic mechanical system VOIGT KELVIN and the electromagnetic field oscillations in the RLC series AC refers to the connection between: -the complex body displacement and complex electrical charge in the capacitor plates, -the complex body velocity and complex resistor intensity, -the complex body acceleration and complex electrical voltage in the coil, -the mechanical impedance of the mass and the electrical impedance of the coil, -the mechanical impedance of the damper and the electrical impedance of the resistor, -the mechanical impedance of the spring and the electrical impedance of the capacitor, -the mechanical impedance of the VOIGT KELVIN system and the electric impedance of the RLC series electric circuit, -the phase between the velocity and the excitation force, the phase shift between the electrical and voltage, -the active and reactive mechanical power and active and reactive electrical power.
REVERSE ANALOGY
General relationships of intensity and voltage in the RLC parallel AC circuits
The RLC parallel AC circuit contain resistive element, capacitive element (capacitor) and inductive element (coil) connected in parallel, being powered by a voltage source U 0  cos(t) (Figure 7 ).
Take into account the existing relationships between the current voltage U(t) and the current intensity for the three elements above, according to first Kirchhoff's theorem the following relation can be written:
L C R I L I C I R I 0 cos(t)
We obtain the differential voltage relationship according to the intensity I(t) in the parallel AC RLC circuit. If derivate the differential equation (36) the differential equation of voltage U(t) is obtained:
The complex calculus of current and voltage voltages of the RLC parallel AC circuit
Using the complex calculation, the differential equation of the electric voltage (37) is written:
Replacing complex electrical voltage derivatives:
in equation (39), the complex amplitude of the electrical voltage is immediately obtained:
where A is electrical admittance:
The real solution to the differential equation (37) is:
The size of electrical admittance A and phase between voltage and current can also be written:
Where the electrical admittance of capacitive and inductive element are: The complex voltage u(t) can be written:
c. the complexity intensity through the resistor i R (t) is the ratio between the complex voltage u(t) and the resistance R and is represented in the complex plane by an I R phasor which rotates with the phases U 0 and I 0 at the same angular velocity  being in phase with the phasor I 0 (Figure 9 ):
d. The complex intensity of the capacitor i C (t) is the product of the complex voltage derivative and the capacity of the capacitor C ; they is represented in the complex plane by a phasor I C which rotates with the phases U 0 and I 0 at the same angular velocity  in front of the beam I 0 with the angle /2 radians ( Figure 9 ):
e) the complex intensity through the coil i L (t) is the ratio between the integral of the complex voltage u(t) and the inductance L of the coil, and is represented in the complex plane by a phasor I L which rotates with the phases U 0 and I 0 at the same angular velocity , being phased behind the phasor I 0 with the angle /2 radians ( Figure 9 ): 
The electrical admittance of the RLC parallel AC circuit
In the case of the RLC parallel, the electric admitance A, is equal to the ratio between the complex intensity i(t) and the complex supply voltage u 0 (t) (51):
The study of electromagnetic oscillations in the RLC parallel circuit AC with the electric admittance A allows a voltage analysis and they is based on: -the resistive admittance according to the relation (55) is a constant number, which does not depend on the frequency of the current:
-the capacitive admittance according to the relation (56) is a complex number that depends directly on the frequency of the supply voltage:
-the inductive admittance according to the relation (57) is a complex number that depends inversely proportional to the frequency of the supply voltage:
The electrical admittance of the parallel RLC circuit is calculated by the sum of the admittances of the three elements, because the complex relation of the intensities can be written:
If the phasors I L , I C , U R and I 0 are represented so that I 0 and U R are in phase and coincide with the real axis, is obtained figure 10, which shows: -for I L <I C (Fig. 10.a) Table 2 shows the inverse analogy between mechanical and electrical quantities corresponding to mechanical vibrations and electromagnetic oscillations in parallel RLC circuit AC. 
The excitation harmonic force:
The electrical intensity derivative:
The 
The admittance of resistive element:
The admittance of coil:
The complex electric voltage: 
Conclusion to reverse analogy
The reverse analogy between the mechanical phenomena of vibrations of the elastic mechanical system VOIGT KELVIN and the electromagnetic field oscillations in the RLC parallel AC circuit refers to the connection between: -the complex body displacement and complex electrical intensity in the coil, -the complex body velocity and complex voltage supply, -the complex body acceleration and complex intensity of capacitive element, -the mechanical impedance of the mass and the electrical admittance of capacitive element, -the mechanical impedance of the damper and the electrical admittance of resistor,
The Scientific Bulletin of VALAHIA University MATERIALS and MECHANICS -Vol. 17, No. 16 -the mechanical impedance of the spring and the electrical admittance of coil, --the mechanical impedance of the VOIGT KELVIN system and the electric admittance of the RLC parallel electric circuit, -the phase between the velocity and the excitation force, the phase between the electrical and voltage, -the active and reactive mechanical power and active and reactive electrical power. Direct analogue circuit RLC series AC circuits and reverse analogue RLC parallel AC circuits refers to the connection between complex speed and complex voltage, between mechanical impedance and electrical admission.
